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Specification 
Ante nna coil 

Technical Field. 

The present invention relates to a small-sized antenna coil used in, for example, 
the receptor of a keyless entry system and anti-theft device to open and close locked 
and unlocked cars by remote control. 
Prior Art. 

Conventionally, bar antenna coils wound lengthwise along a bar-shaped ferrite 
core are frequently used as antenna coils in the receptors of this sort of keyless entry 
system and antitheft device. 

In other words, a bar antenna coil structured as discussed above has 
directionality whereby reception sensitivity is highest to wavelengths incident from the 
direction parallel to the lengthwise axis of the ferrite core and lowest to wavelengths 
incident from the direction orthogonal to the lengthwise bearing of the ferrite core, and 
reception sensitivity drops a great deal depending where said bar antenna coil is 
located. It is thus rare that said bar coil is used on its own. Ordinarily, the overall 
reception sensitivity of the antenna coil is increased by arranging multiple bar antenna 
coils along the X-axis and Y-axis of the receptor's circuit substrate. 
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However, when multiple antenna coils are arranged in this way along the X-axls 
and Y-axis of the receptors circuft substrate, the surface area occupied by the antenna 
coil component in the aforementioned circuit substrate rises and thus the device tee« 
that is equipped with the antenna coil must be made large, which is counter to the 
notion of minimizing device size. Furthemiore, there are cases where indMdual bar 
antennas interfere with each other and the anticipated reception sensitivity does not 
materialize. 

The present invention was created to resolve the sorts of problems discussed 
above that conventional antenna coils present, its aim being to supply an antenna coil 
Whereby smaller sizes and reduced weight can be devised. Another aim is to supply an 
antenna coil whereby favorable reception sensitivity can be obtained with minimal 
Interference. 
Invention Disclosure. 

The present invention supplies an antenna coil characterized in that firstly, to 
,«solve the aforementioned problems, the flrst coil and the second coil are wound in the 
core winding rod component such that their respective coil axes are orthogonal. 

The second invention is characterized in that there is provided a thi«) coil wound 
so as to surround the aforementioned first coil and second coil and whereby its coll axis 
is orthogonal to the aforementioned second coil. 

The third invention is characterized in that in the aforementioned second 
invention, the aforementioned third coil is wound around a coil rod having insulation 
properties. 
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In the fourth present invention, the respective coils in the aforementioned first 
through third inventions are characterized in that the respective numbers of loops in the 
coils are adjusted so that the electric field intensity and magnetic field intensity 
generated by the respective coils are about equal. 

The fifth present invention is characterized in that the related antenna coil has a 
flat columnar base component, a first coil wound such that the axis is the X-axis of the 
aforementioned base component, a second coil wound such that the axis is the Y-axis 
of the aforementioned base component, and a third coil wound such that the axis is the 
Z-axis of the aforementioned base component, and at least part of the respective 
winding paths whereon are wound the aforementioned first, second, and third coils are 
grooves. 

The sixth present invention is characterized in that in the antenna coil, the 
aforementioned base component is flat and more or less a right angled parallelepiped, 
and tabs are placed in the eight corners of the bases of the aforementioned 
parallelepiped. The first sides on the aforementioned tabs are arranged facing the 
lateral wall of the first groove wherein is wound the aforementioned first coil. The 
second sides of the aforementioned tabs are arranged facing the lateral wall of the 
second groove component wherein is wound the aforementioned second coil. The part 
sandwiched by the surfaces of the aforementioned tabs is arranged facing the lateral 
wall of the third groove component wherein is wound the aforementioned third coil. 

The antenna coil related to the seventh present invention is characterized in that 
the flat configuration of the aforementioned tabs is shaped like a quarter-circle fan. 
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The antenna coU^-atedtotha eighth invention is Characterized in tha. one of ma 
fourends in the various afo—nedcoiis is connected toarespective common 
tarminai. and the remaining three ends are connected to deferent ten^inais, thereby 

providing four terminals. 

The antenna coii related to the ninth invention is characterized in that the 
tannine, on the Side v^here the Winding ofthea—onedflr^tcoi. ends, the termina, 

on the Side where the vending of the aforementioned second coii starts, and the terminai 
on the Side Where the winding of the aforementioned third coii Starts are connected toa 

common terminal. 

A Brief Explanation of the Figures 

Figujelisaperspecsve View ofaflrst embodiment of the antenna coii of the 

p^sent invention. Figu:e2 is a top^own view of the aforementioned antenna co,i. 
BgureSisaperspective View of one exampie of the conflg.-.tionofaferrite core used 

in thr^orementioned antenna coii. Figu,e4.isape,.pec«ve View ofasecond 

embodiment of me antenna coii of the present invention. Figures is a perspective view 
of the configuration of meferrite core used in the top-downfigure of Figure4.Figu2^,s 

aperspectiveviewoftheshapeofmeferritecoreusedinFigure4and5.FigureJ,sa 

perspective view ofamird embodiment of me antenna coii of the p^nt invention. 

PigureSisapartiai cutaway of me embodiment in Figure7.Figure9.isaperspect,ve 

view';;;e base component Of an antenna coiireiated to thefourth embodiment. Figure 

,0 is a perspective view of a base component wim wound coi, in an antenna coii reiated 
Tthe fourth embodiment. Figurejiisaperspect^e view ofas^uation Where the base 

oomponentwim wound coi, in the antenna coiireiated to thefourth embodiment is set in 
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a case. FigureJ2 is a stmotural diagram of a receptor circuit constructed using the 

antenna coil related to Embodiment 4. Figu^^- ^ «t™<=*"'^' ^^^^^^ 

Circuit constructed using the antenna coil related to Emt»diment4.Fi9u:e14depicts,,n 

the antenna coil related to Embodiment 4. the frequency properties during optimum 
connection when one prescdbed terminal of each coil are commonly connected. F'^ure 
jt5 depicts, in the antenna col. related to Embodiment 4, frequency properties during 
other than optimum connection when one prescribed terminal of each coil are 
commonly connected. Figure^ is a perspective diagram of the base component of the 
antenna coil related to Embodiment 5. 



Embodiments of the Present Invention 

Next, the present invention will be explained using embodiments of the present 
invention. In Figure 1 through 3, (1) depicts a small-sized antenna coil comprising a 
ferrlte core (2) fom,ed of a square shaped winding component (3) and protrusions irom 
the four comers and is integrally formed with protnisions (4a), (4b), (4c) and (4d) 
Wherein winding stoppers and electrode attachment components are superimposed, 
and of a first coil wound onto the two facing sides of winding component (3) such that 
the winding axis is parallel to the X^xis of the ferrite core (2) andasecond coil (6) 

Whereby wound onto the two other facing sides of the winding component (3) such that 
ns axis is parallel to the Y-axis of said ferrlte core. Namely, the winding axis of the first 
coil (5) and the winding axis of the second coil (6) become orthogonal on a level plane. 
Moreover, the respectWe winding start ends and winding flnish ends of the first coil (5) 
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and*esecondcoi>(6)areconnecedtothedrcu.substra.e(no,shown)o,me 

electronic device by way o, n,eta, terminal piates a«achad to the p— s (4a), (4b), 
(4c),(4d) of the ferrite core ,2)and by way of electrode component (7) made ofsoider. 

AS for the second embodiment depicted in Figure 4 and Figure 5, the 
oonflguration of the fer.te core (2) in the example shown is cn^cifom,. The frst coil (5) is 
wound at Site 3-1,anX.axise« of coil component (3). Its starting end and ending 

end are connected to the electrodes fom,ed in the profusions (4e), (4g), respectively. 
Moreover, the second coi, (6) is wound at site 3-2 on a V-axis extension of the winding 
coil component (3). Its winding start end and winding finish end are connected, 
respectively, to electrodes (7) formed in protrusions (4f). (4h). 

Figure7andFigure8showathird embodiment that differs from the two 
aforementioned embodiments. (8)isawinding rod made Of insulating resin, etc. in 

Whose center area is fom,ed a hole and indentation (9). Rim parts (11a). (1 1 b) are 
fom,ed that protrude parallel tothe periphery at «,e top and bottom of the wall 
component(IO). (12) isathird coil wound on the outer Circumference of the waii 
component(10)of the Winding rod (8)so that the winding axis is paraiie, to theZ.ax,s. 
Then afirst antenna coiicomponent(13)liKethatshown in Embodimenti is arranged 
flatly in the hole (8)orindentat»n(9)of the Winding bar(8, That is. the first antenna 

coi. (13) comprises a ferrite core (2) fbm,ed integrally with protrusions (4a). (4b). (4c). 
(4d) that serve as flat angular Winding components and as Winding stoppers.afirstco,i 

(5)wound onto two facing sides of the winding component of the ferrite core such that 

the Winding axis is parallel to theX.xis.andasecond coi. (6)wound onto theothertwo 
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facing Sides Of me afo—oned Winding component Whose Winding axis is para-le. to 

the Y^xis. Moreover, the .espective winding start ends and winding stop ends of the 
fi.tcoi,(5)andthesecondcoii(6)ofthef,rstantennacoi.(13),andthewindingstart 

end and the winding stop end of the third coii comprising the second antenna coil, are 
connected to eiect^des (7) arranged on the facing sides of edge components (11a). 
(11b)of the respective Winding bars (8). Hence, the thi,.coii(12)comprising the 

second antenna coil component is arranged to surround the first antenna coii 
component(13)bv way of the wa„(10)of Winding bar(8).Moreover,the Winding a,ds,s 

arranged to be orthogonai to the aforementioned flrs. coi. (5) and second coii (6). 

,n the firs, embodiment that Figure 1 and F'^ure 2 show, and in the second 
embodiment that Figure4andFigu.5show,the,number of loops in the respective 

coils is adjusted so the electrical field intensity generated by the first coil (5) and the 
second coil(6)are approximately iden«cal, and the first coil (5)and the second coii (6) 
form respectively independent tuning circuits. The various tuning circuits are connected 

to a h-^h-frequency modulation circuit. When said high frequency modulation c,rcu,t 
selectively modulates the stronger output signal of the various tuning circuits, the 
electrical field intensity and the magneticfield intensity are more intense relative to the 

electromagnetic waves incident from thex-axis bearing Of «,e iron c«i.(1). Thus, the 
tuning Signal of the tuning circuit on the first coii (5)side IS amplffled by the high 
frequency amplir,cation circuit. Mo^over. because the electrical field intensity and 
„,agne«c field intensity evoked by the coll (6) are more intense relatK,e to the 
electromagnetic waves incldentfromtheV.a.s office antenna coiid), the tuning Signal 

of the tuning circuit in the second coii (6) side is amplffled by the high frequency 
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.odu.a«oncirouMn this way.the two embodiments depicted bvr.^^ 

and Figure 4 and Figure 5. can provide favorable reception sensitivfty to 
eiectromagnetic^aves in tbe direction ,eve,witbti,epiane,.rmedbvti,eX-axis and tbe 

Y-axis of the iron coil (1). 

Furthermore, in tl,e third embodiment depicted by Figur. 7 and Figure 8, the 
number ofioops in the respective coiis is adiustediustasdescribed above so that the 

eiectdcfleid intense and the magnetic f,eid intense evoKed,respective,y,by the r,rst 

coi, (5) and second CO,, (6)that form the flrst antenna coiicomponent(13), and by the 

third coii(12)thatfom,s the second antenna coii, are approximately ecual. Moreover, 

When the flrst coi. (5, the second coi, (6), and the thi«i coi, (12) fon. ,.spec«ve.y 
independent tuning circuits, me various tuning circuits are connected to a h,gh 
,.<,uency modulation circuit, and said high frequency mc^uiation circuit selectively 
modulates the more intense output signal Of the various tuning Circuits, said h,gh 

.eguency modu,a«on circuit se,ec«ve,y modulates me output signal of the tuning circuit 
fom,ingthefirst coil (5) relative to the electromagne^c waves incident from theX-axis. 

.he output Signal o, the tuning circu^forming the second coil (6)reiative to the 

electromagnetic waves incident from thoY-axis, and the output signa, Of the tuning 

circuit forming the thi^coil(12)relative to the electromagnetic waves incident from the 

Z-axis Thus, in the present embodiment, antenna coiKDimproves reception sensitive 

not only in me direction level wHh the plane formed by theX-axis and theY-axis. but 

also to electromagnetic waves incident f-om the Z-axis orthogonal to me 
aforementioned level plane. 
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,„ this antenna coiMsastmoture whereby wound ontoabasecomponen. (20) 
oon,prlsinga«atbarareaf,rstcon(5,,asecondco„(6),andath..coM12).Thef,^ 
eo:U5)>swound so that the X-ax>s Of the base, the ax>s. The second co» (6). wound 
so that theY-a.so. the base is the a.s. The .hi^coM12)is wound so that theZ-ax,s 

of the base is the axis. The base component (20) consists of ferrite. 

Base (20) has an approximateiy right-angied parallelepiped configuration. Tabs 
(21)are provided on the eight comers of this paralieiepiped base (20). The flat 

configuration of the aforementioned tabs (21) are .uarter-circied fan shapes, in the 
surfaceof base (20)isfom,edagroove(22)deepest in the X-axis direction When the 

hase (20)is piacedinaflat state, wound onto this second groove (22)is the second 

ooi. (6). The second iatera, components (21b)of the tabs (21)arranged facing the 

lateral wall of the second groove (22). 

,n the surface of the base component (20)isfom,edafirst groove (23)intheY. 
axis direction When the base (20)is arranged inaflat state, wound onto thisfirst groove 
component (23,isafirstcoi,(5,Thefirst.a.era, part (21a)of the tabs (21)is arranged to 
tace the iateraiwai, of thefirstg^ove (23). The bases of two tabs (2t)arranged such 
that the flat parts mutuaiiv face each othercreateathiM groove (24). The part (210 
sandwiched bv the pianes Of the tabs (21)is oriented tofon. the iate^iwai, of the thi«. 

groove (24), whereon the third coil (12) is to be wound. 

The second coil (6)is wound on the base (20)fom,ed as discussed above. Then, 
thereupon is wound theflrst con (5)in the orthogonal direCion.Thethi,.coil(12)can 
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.,en be v^una along me paripherauurfaoe. An antenna CO- in m>sstate ism^^ 

a case (30) made of resin, as Figure 1 1 depicts. 

The case OOhasaconflgurationofaflat, mainly sguare bar that, When .eve,, 

has a disc shaped hole perforated f™m the upper surface, for example. The 
aforementioned hole component is lar^e enough to allow the antenna coil Figure 10 
aepicts to be positioned. Furthermore, in the two pairs of facing lateral wails in theflat, 

s.ua,e-shapebar,notches are made in the centersof the lateral surfaces, in thefour 
comers of the flat s^uare-shaped bars are implanted, on the back Side of case (30), 
terminals (3ta)-(3td)inaflat way such that the ends Of one Side protrude. While the 

ends of the other side are pasted to the lateral surface of the case (30). 

,n a state where a base component (20) whereon are wound a first coil (5), a 
second coil (6), andathirdcoii(12)ispos«ioned into the hole component of the 

aforemen«oned case (30) (as depicted in Figure 1 1 , «.e coils are not wound, but in fact 
they are), caps (32)made Of resin are adhered to the fourexposed tabs (21). The caps 

(32) are approximately identical to the fiat-shaped tabs (21 ), and fiat plate^e terminals 

(33) are provided. 

onto one given terminal (33)are wound one end component of the first coi, (5), 
the second coil (6), and the third coil (1 2), .spectively. The remaining ends of the first 
coil (5), the second coil(6), and the thi^ coil (12) are wound at a one-toone correlation 
onto the three remaining terminals (33). The coil ends, as well as the various tem,ina,s 

(32) and corresponding terminal (31 a,-(31d) protrusions, are soldered together to maKe 
electrical connections. The bacK surface, invisible to the naRed eye, of the case (30)in 
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Figure 1 1 is solder mounted onto the circuK substrate. The visible surface becomes the 
top surface. 

Figure 12 and Figure 13 depict stnicturai examples of receiving circuits 
constmcted using antenna coils related to third and fourth embodiments of the present 
invention. In the explanation that follows, the suffix "S" denotes the winding start side 
terminal of a coil. The suffix T" denotes the winding finish side .em,ina. of a coil. First ,s 
an explanation of the structural example of Figure 12. The Winding finish Side tem^inal 
(XF) of the second coil (6), the winding start Side terminal(YS)of the first coil(5). and 
me Winding start side end (ZS) of the third coil (12) are connected to a common tem^inal 
(COM) The Winding start side terminal (XS) of the second coil (6), «,e winding stop side 
end (YF) of the first coil (5). and the winding stop side end (ZF) of the third col. (12) are 
connected, respectively, to individual terminals. The common tem,inal (COM) is 
grounded. 

Amps (41aH41o) are provided, with one side of the input tem,inals of the amps 
(4la)-(41c) being grounded. The ungrounded side input terminal of amp (41a) is 
connected to the Winding start Side terminaUXS)of the second coil (6). The ungrounded 

Side input tem,ina. Of amp(41b)is connected to the Winding finish side .em,inal(YF)of 
the first col. (5). The ung«,unded side input tem,inal of the amp (41c) is connected to 
the winding finish side temiinal (ZF) of the third coil (1 2). 

The respectK,e condensers (C) are connected between the various grounded 
side input tem,inals and ungrounded side input tem,inals of amps (41aH41 o). The 
various output terminals of amps (41aH41c) are connected ^ a receiving selection 
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means (42)ofawi,eless device, etc. The receiving selection means(42)se,ects the 
latest Signs, from among those output from the various output terminais of amps(41a)- 

(41c). 

The number of loops in the various coils is regulated in the fourth embodiment as 
well, and the first coil (5), the second coil (6) and the third coil (12) each fbmi an 
independent tuning circuit. Each tuning cin:uit is connected a high frequency 
amplification cin=uit(ampI41aH41cl) that is selective in thatKchooses the strongest 

output signal from among the vartous tuning circuits and amplffies that signal. For the 
electromagnetic waves incident from theX-axis, the aforementioned high frequency 
amplification Circuit selectively amplifies the output Signal of the tuning clrcuK.onT,ed by 
the first coil (5). For the electromagnetic waves mcwent from theY-axis, it selecUvely 

amplifies the output signal of the tuning circurt fom,ed by the second coil (6). For the 
electromagnetic waves incident from .heZ-axis,i, selectively amplifies the output signal 

of the tuning circuit formed by the thi,.coii(12). Thus, the fourth embodiment is also 

capable of creating favorable reception sensitivity to electromagnetic waves incident 

from the X-axis, the Y-axis and the Z-axis directions. 

Following is an explanation of the stnictural example of Figure 13. In the 
^ctural example of Figure12, the condensers (C)are such tiiat the gaps between the 

rospective grounded side input tem,inals and the respective ungrounded side input 
.em,inalsof the amps(41a)-(41c)are connected, in tiiestn-cural example Of Figure 13. 

though, condenser (C) is connected parallel to tiie second coil (6). condenser (C) ,s 
connected parallel to first coil (5). and condenser(C) is connected parallel to third co,l 

(12). [sic.]. 
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The respective input terminals on one side of the amps (41aH41o) are 
commonly connected and groundeC. The Winding end Side terminaXXn Of the second 

ooi, (6) the Winding startsidetem,ina,(YS)of the first coi. (5). and the Winding start Side 
tem,ina, (ZS) of the third coii (12) are connected to a common tem,ina1 (COM) that ,s 
.hen connected to the common connection tem^inai of the a1oremen«oned amps (41 
(410 inthisstmcture as we,,, the antenna coii improves reception sensitivity seiectiveiy 
toeiectromagnetic waves incident from theX-axis,theY-a.s and theZ-axis directions, 

as with the structure in Figure 12. 

AS indicated in the aforementioned Figure 1 2 and Figure 1 3, the various coii 
.erminais on the antenna coi. Side are connected toacommontem,ina..,n this case, in 
the examp.es in aforementioned Figure12andRgure13. the Winding stop Side tem^ina. 

(XF) of the second coil (6), the winding start side (YS) of the first coii (5), and the 
Winding start side tem,inai (ZS) of the third coii (12) are connected to a common 
terminal (COM). Terminals connectabie to the common terminal are, in the second CO,. 

(6) terminal XF and terminal XS;in the first coil (5), terminal YF and terminal YS; and ,n 
the third coi,(12)..em,inal(ZS)andtenninal(ZS). AS Figu,Bl2andFigu,e13depict. 
the example Wherein tem,inalsXF,tem,inalYS.and terminal ZS are selected is 

denoted by the suffixes FSS. and there are 23=8 [sic] combinations of any three 

terminals. 

coding the aforementioned eight suffixes yields BBS, FFF, FFS, FSF, FBS. SFF. 
SFSSSF Testing as to Whether any ofthese eight has suitable reception sensKivity 
p^perties is done by measuring frequency properties. AS Figure 12and Figure 13 
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^ ■ *««v,inoi terminal (YS) and tenminal (ZS) are 
depict. FSS (the example wherein temi.nal (XF). terminal ^ ; 

selected) is the most suitable. 

Namely. In an FSS example where ma frequency properties to electromagnetic 
waves incident from the X-axis are indicated on the len side, the frequency properties to 
eiectromagnetic waves from theY-axis are indicated in the middle, and fluency 
proper^es to electromagnetic waves incident f^mtheZ-a^s a. indicated on me right 
Side me impedance value in the resonance fluency ofthe graph peaKs in Figure 14 
is highest and stable and one can see there are iust about the same frequency 
p^perties in any axis direction and that the reception sensitive is good. Furthem^ore. ,n 
..e various charts, the vertical axis is impedance. Each grade is 50K 0 . The horizontai 
axis isfreguency. The center ofme horizontal axis is134.2KHz.Thew* Of me 
Horizontal axis is 30KHz.Moreover.me number of loops in each col, is 400. The 
diameter of me base component (2)is9mii,imeters. The thicKness of the thinnest part 

is 0.9 millimeters. The mickness of me thickest part, including a tab (21). ,s 2.8 
millimeters. The condenser capacity (C) is 200pF. 

in contrast, in an FSS example as shown, for instance, in Figure 15, mere are 
dispersions in the resonance frequencies and impedance values to the X-axis,theY. 

a.s and me Z-axis. Moreover, in the X-axis and Z-axis, mere are unsuitable properties 
such as collapsed peaRs caused by interference wim other coils. Except forFSS, 
examples of common connections omer man FFS are approximately analogous to FFS, 
.eaningrtis difficult to Obtain balanced properties in the three axial directtons and 

inappropriate frequency properties are generated. 
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,n the aforementioned explanation, the example depicts tabs (21) pK,vided on a 
base component (20), but basically a bobbin (50) as found in Figure 16 can be used. In 
Short, this bobbin (50) has a base component (51 ) shaped like a flat bar, a first groove 
(52) to Wind the flrst coil such that the X-axis of the base component (51) becomes its 
axis, and a second groove (53) to wind the thi,d coll such that the Z-axis of the base 
component (51) becomes its axis. The four pole-shaped members (54) extending 
lengthwise along the Y-a,«s direction of the base component (51 ) are provided in four 
areas of the base component. The second coil is wound to intersect these pole-shaped 
members (54). In short, the second coil is wound such «iat the winding axis is the Y a>ds. 
The flrst, second, and thi«1 coil are not shown in tills Figure 16. In an antenna coil with 
such a stmcture. tt,e same effect as the antenna coil in the fourth embodiment is 
achieved. Furthem,ore. the ferrite cores (2) in the various embodiments mentioned 
above can. for example, be changed to cores made of resin. Moreover, the material for 
the base components (20), (51 ) is not limited to ferrite. A resin or such can be used as 



well. 



Usability in Industry 

An antenna coil related to tt,e present invention as described above is such fliat 
coils are wound in the X-axis and Y-axis directions, or the X-axis, Y-axis and Z-axis 
directions, of one core and base components. Thus, compared to cases of an antenna 
coil Whereby multiple bar antennas are aggregated, a small-sized tern is feasible 
Whereby reception sensitivity to electiomagnetic waves incident from three ortt,ogonal 
directions can be rendered favorable rega^lless of the antenna coil installation position. 
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Furthermore, one end each of three coils are commonly joined, enabling desirable 
reception sensitivity. 
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